ABSTRACT: When the decision was made to euthanatize an acutely laminitic Thoroughbred broodmare, graduate students from the Department of Animal Sciences and Industry reconstructed the skeleton for use as a teaching tool. The reproductive and gastrointestinal tracts were removed and preserved in formalin. The hide, muscle, tendons, ligaments, and organs were removed, and the bones were boiled in water for 2 48 h to remove all remaining tissue. After boiling, the bones were soaked in gasoline to remove fat from the marrow cavities and then soaked in a bleachidetergent mixture as a final cleaning step. The bones were allowed to dry for several weeks, then a semi-gloss clear lacquer was applied to aid in preservation. The bones were connected with 17-gauge wire and supported by two 1.91-cm galvanized steel rods on a mobile platform. The vertebral column was aligned on flexible copper tube with a 1.27-cm diameter. Additional support was provided for the head and neck by aluminum and steel rods extending from the front support. The final product is a complete, mobile skeleton that will be used as a teaching aid in equine classes. The skeleton serves a function for all levels of the cognitive learning domain. Examples of applications include memorization, identification, and location of bones; use in case studies for synthesis and demonstration of brainstorming efforts; and evaluation of joint ailments for more advanced levels of learning.
Introduction
"Hands-on" teaching aids are extremely valuable for all aspects of cognitive learning in the classroom. Often, skeletons can complement teaching methods, allowing visualization and actual manipulation of the support structure of the horse. An aged Thoroughbred broodmare with chronic laminitis was donated to Kansas State University. When its laminitis became acute, sole abscesses developed and invaded the hoof capsule, and euthanasia became necessary, a group of graduate students decided to preserve the skeleton as a teaching tool.
J. Anim. Sci. 1993 . 71:2270 -2274 Most classroom situations employ the cognitive learning process (Bloom, 1956) . At the lowest levels of this process, students are required to remember and process information presented, whereas at the higher levels students synthesize, evaluate, and draw conclusions from the given information. Visual aids such as a skeleton give students a "hands-on" method for learning bone names and locations, as well as a visual tool to relate bone and joint structure to muscle structure. At the highest level of cognitive learning, students may be asked to evaluate a preset joint ailment and decide how this problem will affect a live horse.
Most skeletal preservation procedures are for small animals (Hildebrand, 19681 , and published information specific for large animal skeletons was not found through CAB abstracts or other on-line searches.
Because of this lack of information, Melvin C. Hunt and Walter Cash (two members of the Kansas State University faculty) were consulted. Each provided possible methods for preserving large animal skeletons. From these various sources, a technique was developed for preservation of the equine skeleton. The purpose of this technical note is to describe the procedure for preservation and display of an equine skeleton for educational purposes.
Materials and Methods
The mare (154 cm 115.2 hands] high, weighing 477 kg) was euthanatized in the necropsy lab at the Kansas State University Veterinary Medical Teaching Hospital. Gastrointestinal and reproductive tracts were removed for fixation, and the deboning process was begun. The limbs were removed and stripped of skin, connective tissue, ligaments, and tendons. Each limb was stored and processed in a separate cloth bag to aid in later reconstruction of the complicated joints. The rib cage and thoracic vertebrae were maintained as a single unit because of difficulty in separation at this stage.
A 209-L drum was supported above a large propane burner, and bones were boiled for a total of 48 h, with water changes every 12 h to remove fat, muscle, and debris. The bones were periodically checked to determine whether all tissue had been removed. When all tissue had been boiled away, bones were set out to airdry. Some of the more intricate bones (i.e., vertebrae) required boiling for > 48 h.
After boiling, larger and(or) more dense bones were placed in a 152-L barrel and soaked in gasoline for 2 to 3 wk. The barrel was kept outside in an isolated area during the soaking period. Before gasoline treatment, .45-cm holes were drilled into marrow cavities of long bones to facilitate removal of fat from the marrow cavity. Holes were drilled in the ends of the bones, so they would not be visible in the reconstructed skeleton. Thinner or less-dense bones (i.e., skull, vertebrae) were soaked at room temperature in a detergent bath (2.3 kg of Alconox [Fisher Scientific, Pittsburgh, PA]: 140 L of HzO) for 2 wk.
After drying for 2 wk, the detergent-treated bones began to show signs of grease seepage, so they were soaked in gasoline for 1 wk.
A mixture of 2.3 kg of Alconox and 3.78 L of household bleach in 140 L of water was used as a final cleaning solution for all bones. Long bones were soaked for 1 wk, and other bones were processed for 3 d. After extensive rinsing, bones were allowed to airdry for 2 mo and were then coated with a semi-gloss clear lacquer (Deft Clear Wood Finish, Alliance, OH) finish.
Reassembly of the limbs was begun by laying out the carpalharsal bones in correct conformational position. Holes were drilled in strategic locations to allow tight connections with minimal visual distraction, and bones were assembled using 17-gauge galvanized steel wire. The length of wire was dependent on the size of bone and the distance between entrance and exit hole locations. After the bones were reattached, the union was secured by twisting the wire in a tight, circular motion close to the bone. Excess wire was trimmed. Then, the remaining bones for each limb were connected in a similar fashion.
The vertebrae were placed in correct order on flexible copper tubing with a 1.27-cm outer diameter and suspended from the ceiling. Ribs were reattached at this time with wire. A wheeled wooden platform was built with two adjustable 1.91-cm galvanized rods, which were used as the main supports for the pelvic and shoulder regions. The platform was 2.44 m x .76 m and was constructed with 1.91 cm diameter plywood and mounted on swivel casters (7.62 cm diameter). The edge was trimmed with 2.54-cm x 5.08-cm pine, stained, and then sealed. The shoulder rod extended 120 cm above the wooden platform, where it was bent to continue an additional 36 cm cranially to maximize support of the head and neck.
The pelvic support extended 130 cm. The partially completed vertebral column was mounted on the galvanized rods. The thoracic limbs were attached and secured with a threaded rod (.64-cm diameter) that passed through the front support and both scapulae. A 1.91-cm wide strip of steel (46 cm long) was fed from the support pole, through the remaining cervical vertebrae, t o the foramen magna of the skull. An aluminum rod (2.54-cm aluminum angle stock) was attached to the dorsal portion of the front support, which extended beyond the rear support (Figure 1 ) to stabilize the vertebrae and pelvic girdle. An additional extension of aluminum angle stock was extended from the front support to the skull for increased stability ( Figure 11 , and the maxilla and mandible were wired shut. Each rear limb was attached to the pelvis with a 10-cm carriage bolt, which ran from the head of the femur through the acetabulum.
Clear, plastic strips were used to separate the ribs lengthwise and line them up into a realistic position (Figure 2 ) . Corner guard protector stripping (1.91 cm), which had been cut in half longitudinally to create two flat pieces, was an adequate source for this particular project. The rib cage was spread by placing corner stripping across the thoracic cavity at three-rib intervals. To stabilize corner stripping at the rib further, the final centimeter on either end of the stripping was cut longitudinally, and these flaps were folded to overlap against the surface of the rib. All plastic stripping was secured to the ribs with nuts and bolts. The third phalanx of each hind limb was attached to the platform with 5.08-cm dry wall screws. The respective rear hooves were attached in close proximity to the third phalanx with drywall screws as well. In both forelimbs, the third phalanx was encased within the hoof, and each hoof was secured to the platform with Velcro@ to allow limited manipulation of joints in the front limbs (Figure 3 ).
Results and Discussion
This project began as a method to build a skeleton for teaching purposes. As plans evolved and more students became interested, we decided to preserve the gastrointestinal and reproductive tracts. The incorporation of students with various backgrounds and skills made this task proceed efficiently. Previous experiences of the authors with partial skeletal dissection have shown tissue removal to be timeconsuming. The help provided by many graduate students made a tedious process move at a rapid rate. The presence of graduate students studying meat science was extremely beneficial for initial processing of the carcass. The necropsy phase was very educational for all people involved. In addition, throughout the necropsy, a veterinarian verbally guided students through the internal organ systems and anatomical structures.
After the facilities for boiling were established, this stage proceeded smoothly. However, we found a great deal of variability among bones in the time needed for degreasing (Table 1) . For example, bones containing small amounts of marrow (i.e., flat bones) required less time (1 wk) in gasoline than long bones did. Because of the cartilaginous component of the ventralmost portion of the ribs, as well as the large marrow cavity of the sternebrae, degreasing treatment of these bones was not successful. These bones continued to seep grease and became rancid during the drying period. Because of these problems, the sternebrae and ventral ribs were considered unsuitable for mounting in the skeleton. Another method for degreasing the bones (Tompsett, 1970) involves the use of substances such as trichloroethylene or benzene. These substances are volatile (as is gasoline), and care must be taken to ensure that adequate safety measures are adhered to. In this case, gasoline was readily available in the quantities necessary for degreasing such a large skeleton. In addition, cost and the disposal procedures of the chemicals were also taken into consideration.
Visual inspection was the primary tool used for determining the amount of processing required at each step. According to protocols for small animals (Hildebrand, 19681, bleach and detergent should have been adequate to remove fat from the marrow cavities. However, we found that all bones from the horse needed t o go through the gasoline treatment to be completely degreased. In addition, the bleaching process proved to be harsh on smaller, more fragile bones. As a result, flat bones (i.e., skull) may have been overprocessed during this time, resulting in chalky, brittle, and fragile areas. Therefore, soaking times must be closely monitored.
The lacquer coat helped strengthen some of these fragile areas, especially the facial bones, and added a fine semi-gloss sheen to the skeleton. However, the lacquer on some of the long bones eventually flaked off. Even with the 2-mo drying period, the long bones still contained moisture in the more dense physeal regions. They appeared to be drier, particularly around the physeal regions, after the lacquer flaked off. Residual moisture was probably the reason for the flaking from the more dense portions of the long bones. More porous areas of bone likely dried more completely and better absorbed the lacquer; thus, no flaking was observed in these areas.
The wire seemed to be an appropriate gauge for the size of the bones. However, some of the bones (i.e., carpus/tarsus) were soft, so caution was necessary during wire tightening. This may have been a result of incomplete drying. In addition, the entire skeleton weighed more than anticipated; and extra supports were required for complete stability (Figure 2) . The copper tubing was not adequate to support the vertebrae of the horse skeleton. Perhaps a 1.27-cm reinforcing bar or a stainless steel rod would provide more stability. The platform and galvanized steel support rods were designed based on those used with an existing bovine skeleton. After the vertebrae and ribs were secured, it became apparent that this arrangement was not adequate to support the increased weight and length of the equine skeleton. Additional aluminum rods were used to support the head and neck, vertebral column, and pelvic girdle. Increased range of motion of articulating joints may be accomplished by more appropriate placement of wire attachment. For example, during reassembly focus was placed on the "cosmetic" appearance of the carpal joint. However, if the joint was wired together on the caudal aspect and rubber bands were utilized for joint support on the cranial aspect, mobility similar to that of the live animal may have been achieved. Keeping in mind that most classes are spread throughout a large building, the skeleton needed to be sturdy enough to be transported from classroom to classroom. Therefore, developing a teaching aid with mobility and stability was a priority (Figure 4) .
Although live horses and video tapes are used for many types of demonstrations, there are times when viewing the skeleton can contribute greatly to teaching effectiveness. When students are able to see and manipulate different angles of joints and bones, they gain a more complete understanding of the horse's conformation and kinetics of motion. How slight changes in joint angles can affect conformation and movement is more easily understood by studying a skeleton. Attaching the forelegs only at the platform (with Velcro@,) and the scapula allows joint manipulation, so joint action and conformational faults also can be demonstrated (Figure 3) . In addition to the use of the skeleton for teaching conformation, gait analysis, general anatomy, and how different joint angulations affect shoeing methods, this particular skeleton is useful because of the mare's laminitic condition. It provides an excellent example of the effects of chronic laminitis on the hoof and third phalanx.
This skeleton provides opportunities at all levels of learning in the cognitive domain. Among the levels defined by Bloom (19561, the most basic level of learning in the cognitive domain is remembering. Classroom or laboratory situations that employ the identification and recognition of bones and their respective locations in lower-level equine classes will benefit from the use of the skeleton. The second level of cognitive learning is processing. This level includes application, analysis, and comprehension. Students will have the chance to understand how changes in conformation will affect bone structure in live horses through menta1 visualization of the skeleton. The ability to manipulate the joints will enhance the ability to recognize how structural deformities may affect a horse's soundness. During judging classes, the skeleton can be used to understand how muscle mass is affected by underlying bone structure. These muscle pattern variations between live horses can then be related to skeletal conformation and bone and joint angles.
The next level of learning in the cognitive domain is synthesis (Bloom, 1956) . Case studies can be orchestrated to lead students in making decisions about a real or an imaginary horse's condition. The skeleton can serve as a model to demonstrate or support conclusions drawn by students in individual or group brainstorming exercises. Evaluation is the highest level of learning in the cognitive domain defined by Bloom (1956). Because the joints are moveable, the instructor can set up a joint ailment on the skeleton tract. This project gave many students their first opportunity to examine these systems firsthand. The processing of the skeleton required synthesis of a method specific for the horse using portions of protocols for other species. In addition, throughout reconstruction of the skeleton, students were challenged to study and recall proper placement of individual bones as well as the angulation associated with the corresponding joints. This "hands-on" experience was extremely valuable for these potential instructors.
Implications
and have students address questions about how this problem will affect a live horse physiologically and how lame this horse would be and finish the exercise with a prognosis for a live horse with the given problem.
This mare was donated to develop a Thoroughbred broodmare program, but because of lameness, euthanasia was necessary. Although initially this seemed to be very unfortunate, through cooperative efforts Of graduate students and faculty, an excellent educational opportunity was created. During the Cognitive Domain. Longmans, Green, New York. necropsy, graduate students were able to identify patterns and the reproductive system, and examine the gastrointestinal The reassembled skeleton with moveable joints will greatly aid the teaching curriculum of undergraduate and graduate in the equine program. The result of this project will continue to be a part of the educational experience for animal science students. 
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